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MEMORANDUM FOR FILE 

On November 2 2 ,  1966  a p r e s e n t a t i o n  was g iven  a t  t h e  
It MSF Program Review on t h e  s u b j e c t  o f  "Launch F l e x i b i l i t y " .  

was concerned w i t h  t h e  s p e c i f i c  f l e x i b i l i t y  r e q u i r e d  o f  t h e  
Apollo System for t h e  f i r s t  l u n a r  l and ing  miss ion .  A s  a p a r t  
of  t h i s  p r e s e n t a t i o n  a b r i e f  review was g iven  o f  t h e  g e n e r a l  
n a t u r e  of  a " t y p i c a l "  sequence of  miss ion  o p p o r t u n i t i e s .  At- 
t ached  are p r i n t s  of t h e  viewgraphs used f o r  t h i s  p a r t  o f  t h e  
p r e s e n t a t i o n  t o g e t h e r  w i t h  exp lana to ry  m a t e r i a l .  (These view- 
graphs  wi thout  d e t a i l e d  d e s c r i p t i v e  m a t e r i a l  a r e  a l s o  p a r t  of 
an  e a r l i e r  Memorandum f o r  F i l e ,  "System Hold and Recycle Capa- 
b i l i t y  f o r  t h e  F i r s t  Lunar Landing Mission, ' '  by  R .  L .  Wagner, 
December 1 4 ,  1 9 6 6 . )  A f e w  a d d i t i o n a l  f i g u r e s  have been inc luded 
f o r  completeness .  

The g e n e r a l  coverage of t h e  a t t a c h e d  m a t e r i a l  i n c l u d e s  
comments on t h e  s t r a t e g y  for s e l e c t i n g  l u n a r  l and ing  s i t e  loca-  
t i o n s ,  based on miss ion  c o n s t r a i n t s  and o p e r a t i o n a l  r equ i remen t s ,  
and a b r i e f  d e s c r i p t i o n  o f  t h e  fami ly  of mis s ions  o c c u r r i n g  
dur ing  1 9 6 8  f o r  an  assumed s e t  of l a n d i n g  s i t e s .  

D .  R .  Anselmo 

2011-WDK-~h DRA 

Attachment 

copy to 
( s e e  nex t  page)  

Ad..- 
W .  D .  Kinney / 
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Viewgraph 1 

Schematic Represen ta t ion  of  a P o s s i b l e  D i s t r i b u t i o n  
o f  Apollo Landing S i t e s  

A d i s t r i b u t i o n  o f  l u n a r  l a n d i n g  s i t e s  such as t h a t  
shown i n  t h i s  viewgraph can  p rov ide  bo th  f u e l  economy and 
mis s ion  f l e x i b i l i t y .  T h i s  viewgraph i l l u s t r a t e s  a s t r i n g  o f  
n o r t h e r n  s i tes  (ABC) and sou the rn  s i tes  ( X Y Z )  sp read  a c r o s s  
t h e  Apollo l a n d i n g  zone. 

The s i t es  are spaced l o n g i t u d i n a l l y  i n  o r d e r  to 
prov ide  m u l t i p l e  launch  o p p o r t u n i t i e s  each  month w h i l e  meet ing 
t h e  r e q u i r e d  l i g h t i n g  c o n d i t i o n s  ( sun  e l e v a t i o n  between 7" 
and 20 " )  a t  l u n a r  l a n d i n g .  The s i t e s  are  spaced l a t i t u d i n a l l y  
i n  o r d e r  to prov ide  s p a c e c r a f t  f u e l  economy whi le  ma in ta in ing  
c o n t r o l  ove r  which of  t h e  two d a i l y  launch  o p p o r t u n i t i e s  i s  
used.  ( T h i s  i s  d i s c u s s e d  more f u l l y  w i t h  t h e  nex t  t h r e e  
v iewgraphs . )  It i s  i l l u s t r a t e d  t h a t  f o r  f u e l  economy one 
s t r i n g  o f  s i t e s  would be used f o r  p a r t  o f  t h e  y e a r  and t h e  
o t h e r  s t r i n g  f o r  t h e  remainder  of  t h e  y e a r .  

The non-uniform n a t u r e  of  t h e  l u n a r  s u r f a c e  w i l l  
undoubtedly cause  a n  i r r e g u l a r  d i s t r i b u t i o n  of  s i t e s .  Never- 
t h e l e s s  a d i s t r i b u t i o n  e x h i b i t i n g  t h i s  g e n e r a l  p a t t e r n  can  
p rov ide  t he  des i red  c h a r a c t e r i s t i c s .  

a 
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ATTACHMENT 

Introduction 

The first lunar landing mission is expected to em- 
ploy a free return trajectory and a lunar landing site which 
is selected in accordance with the launch date. The coupling 
between landing site and launch date is the subject of the 
first four viewgraphs. With the aid of these figures, general 
considerations which accompany the selection of an array of 
landing sites are discussed from the viewpoint of meeting the 
lighting constraint at LM landing and of enhancing spacecraft 
performance while at the same time providing for a reasonably 
spaced sequence of launch opportunities. 



3 -  



BELLCOMM, INC. - 4 -  

Viewgraph 2 

SM Fue l  V a r i a t i o n  w i t h  T ime  - One I n j e c t i o n  Type 
( A t l a n t i c  or P a c i f i c )  

T h i s  viewgraph i l l u s t r a t e s  t h e  v a r i a t i o n  of  S e r v i c e  
Module f u e l  c o s t s  th rough  a year f o r  a g iven  l a n d i n g  s i t e  and 
i n j e c t i o n  t y p e .  If l u n a r  l i g h t i n g  a t  t h e  t i m e  o f  l and ing  i s  
ignored ,  a mi s s ion  i s  p o s s i b l e  every  day.  The f u e l  c o s t s  
would t h e n  vary  c y c l i c a l l y  th rough  t h e  year w i t h  a pe r iod  e q u a l  
t o  t h e  p e r i o d  of  r e v o l u t i o n  of  t h e  Moon around t h e  Ea r th .  
l i g h t i n g  requ i rements  a t  l u n a r  l a n d i n g ,  however, permit  a l a n d i n g  
a t  a p a r t i c u l a r  s i t e  on ly  one day  a month. S ince  t h e  l u n a r  
l i g h t i n g  p e r i o d  ( i . e . ,  from new moon to new moon) i s  approx i-  
m a t e l y  two days  l o n g e r  t h a n  t h e  p e r i o d  of t h e  Moon's r e v o l u t i o n ,  
t h e  Moon i s  a t  a s l i g h t l y  d i f f e r e n t  p o i n t  i n  i t s  o r b i t  a t  t h e  
t i m e  t h e  l i g h t i n g  c o n s t r a i n t  i s  m e t  i n  succes s ive  months. 
Th i s  c ause s  t h e  f u e l  r equ i rements  to vary  as i l l u s t r a t e d  by 
t h e  dashed curve  i n  t h e  f i g u r e .  

The 

6 
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Viewgraph 3 

SM F u e l  V a r i a t i o n  w i t h  Time - Both I n j e c t i o n  Types 

T h i s  viewgraph i l l u s t r a t e s  t h e  y e a r l y  behav io r  

o f  S e r v i c e  Module f u e l  r equ i r emen t s  to ach ieve  a p a r t i c u-  

l a r  l u n a r  l a n d i n g  s i t e  w i t h  a s p e c i f i e d  i n j e c t i o n  t y p e .  

The f i g u r e  s u g g e s t s  a s t ra tegy  f o r  c o n t r o l l i n g  f u e l  c o s t s :  

namely, t h a t  o f  u t i l i z i n g  bo th  A t l a n t i c  and P a c i f i c  windows. 

The r equ i r emen t s  are t h e n  as i l l u s t r a t e d  by t h e  broken l i n e .  
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Viewgraph 4 

SM Fue l  V a r i a t i o n  w i t h  Time - Two Lunar Landing S i t e s  

T h i s  viewgraph i l l u s t r a t e s  a n o t h e r  p o s s i b l e  t e c h-  
nique  o f  c o n t r o l l i n g  f u e l  r equ i r emen t s :  t ha t  o f  u t i l i z i n g  a 
f i x e d  i n j e c t i o n  t y p e  and a p a i r  o f  ( n o r t h  and s o u t h )  l a n d i n g  
s i t e s .  Here it i s  seen  t h a t  when t he  l a n d i n g  s i t e  i s  moved 
i n  l a t i t u d e ,  c o n t r o l  of f u e l  r equ i r emen t s  e q u i v a l e n t  t o  
changing i n j e c t i o n  t y p e s  can be o b t a i n e d .  T h i s  e f f e c t  i s  more 
pronounced f o r  l a n d i n g  s i t e s  i n  t h e  wes te rn  s e c t o r  of  t h e  
Apollo l a n d i n g  zone. 

a v a i l a b l e  to c o n t r o l  o t h e r  desirable mis s ion  parameters. For 
t h i s  s t u d y  t h e  P a c i f i c  i n j e c t i o n  o p p o r t u n i t y  was used through-  
o u t  because it almost  a l w a y s  produces d a y l i g h t  launch  c o n d i t i o n s .  
The a b i l i t y  to r e a l i s t i c a l l y  adhere to t h i s  p r e f e r e n c e  w i l l  
depend upon whether or no t  a c c e p t a b l e  s i t e s  can  be found s u f f i -  
c i e n t l y  f a r  n o r t h  of t h e  e q u a t o r  i n  t h e  wes te rn  ha l f  o f  t h e  
moon. (Recent i n d i c a t i o n s  from O r b i t e r  I1 are t h a t  a c c e p t a b l e  
l a n d i n g  s i t e s  w i l l  be  hard  to f i n d  i n  t h i s  l o c a t i o n ) .  

With t h i s  s t r a t e g y  t h e  cho ice  of  i n j e c t i o n  t y p e  i s  
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Viewgraph 5 

O r b i t e r  S i t e s  

It i s  expec ted  t h a t  t h e  l a n d i n g  s i tes  employed f o r  

t h e  f i r s t  l u n a r  l a n d i n g  mis s ion  w i l l  be s e l e c t e d  from t h e  

e n t i r e  se t  photographed i n  t h e  O r b i t e r  program. T h i s  viewgraph 

i l l u s t r a t e s  t h e  s i t e s  which have already been photographed b y  

O r b i t e r  I and 11. It i s  from these  t h a t  r e p r e s e n t a t i v e  s i t e s  

were chosen f o r  t h i s  s tudy .  
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Viewgraph 6 

S e l e c t e d  O r b i t e r  S i t e s  

The numbered s i t e s  shown on t h i s  viewgraph were 

s e l e c t e d  as a r e p r e s e n t a t i v e  s e t  from t h e  l u n a r  O r b i t e r  I 

and I1 s i t e s  i n  such a way as to acknowledge t h e  l u n a r  l i g h t i n g  

c o n s t r a i n t ,  l aunch  r e c y c l e  c a p a b i l i t i e s ,  and S e r v i c e  Module 

f u e l  c a p a b i l i t i e s .  The f i v e  s i tes  i n d i c a t e d  here may be  thought  

o f  as a n o r t h e r l y  s t r i n g  c o n s i s t i n g  o f  B6, B8, B10 and a south-  

e r l y  s t r i n g  c o n s i s t i n g  of B6, B7, A g .  Note t h a t  B6 i s  common 

t o  bo th  s t r i n g s .  T h i s  does  no t  cause  any a p p r e c i a b l e  l o s s  i n  

g e n e r a l i t y  because i t  t e n d s  t o  be t r u e  t h a t  l e s s  l a t i t u d e  spread 

i s  r e q u i r e d  i n  t h e  east t h a n  i n  t h e  west t o  c o n t r o l  SM f u e l  

requi rements .  
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Viewgraph 7 

Lunar Landing Mission Launch O p p o r t u n i t i e s  

The launch o p p o r t u n i t i e s  du r ing  1968 are i l l u s t r a t e d  
on t h i s  viewgraph f o r  t h e  f i v e  s i t e s  shown i n  Viewgraph 6. 
The c a l e n d a r  day  o f  launch i s  i n d i c a t e d  by t h e  v e r t i c a l  s c a l e  
and t h e  month by t h e  h o r i z o n t a l .  The day i n d i c a t e d  by t h e  
s i t e  name ( i . e . ,  B 6 ,  Ag) corresponds  to a miss ion  o p p o r t u n i t y  
to t h a t  s i t e  for which a l l  mis s ion  c o n s t r a i n t s  a r e  m e t .  

The viewgraph i n d i c a t e s  t h a t  s o u t h e r n  l a n d i n g  s i t e s  
are employed d u r i n g  t h e  f i r s t  s i x  months and n o r t h e r n  s i t e s  
d u r i n g  t h e  l a t t e r  p a r t  of t h e  y e a r .  
t h i s  l a t i t u d e  s e l e c t i o n  i s  based upon t h e  S e r v i c e  Module f u e l  
r equ i remen t s .  A l l  i n j e c t i o n s  are  ove r  t h e  " P a c i f i c "  a r e a .  

As i n d i c a t e d  i n  Viewgraph 4 

n 
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Viewgraph 8 

T i m e  Between Success ive  Launch O p p o r t u n i t i e s  

The l u n a r  l a n d i n g  s i t e s  f o r  t h i s  s t u d y  were s e l e c t e d  
to meet f u e l  r equ i r emen t s  and t h e  l u n a r  l i g h t i n g  c o n s t r a i n t .  
An a d d i t i o n a l  c o n s i d e r a t i o n  i n  t h e  s i t e  s e l e c t i o n  p rocess  i s  
t h e  minimum a l lowab le  t i m e  between s u c c e s s i v e  earth l aunch  
o p p o r t u n i t i e s .  Based on a n  assessment  of  launch  f a c i l i t y  
c a p a b i l i t y ,  t h i s  t i m e  was r e s t r i c t e d  to a minimum of 48 hours  
between launch  window c e n t e r s .  For t h i s  s tudy  t h e  ea r th  launch  
window w a s  e s t ab l i shed  by t h e  range  of launch  azimuths  72 to 
1 0 8  degrees,  r e s u l t i n g  i n  about  a f o u r  hour p e r i o d .  T h i s  re-  
s u l t s  i n  a minimum t i m e  from t h e  end o f  one window to t h e  s t a r t  
o f  t h e  nex t  u s a b l e  window o f  approximate ly  4 4  hour s .  T h i s  
viewgraph i l l u s t r a t e s  t h e  t i m e  i n  hours  from t h e  c e n t e r  o f  a 
window ( l a u n c h  azimuth e q u a l  to 9 0 " )  to t h e  c e n t e r  of  t h e  
fo l lowing  window. Again, on ly  P a c i f i c  i n j e c t i o n  o p p o r t u n i t i e s  
are  cons ide red  h e r e .  
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Viewgraph 9 

L i g h t i n g  a t  E a r t h  Launch 

U t i l i z i n g  t h e  P a c i f i c  i n j e c t i o n  o p p o r t u n i t y  
g e n e r a l l y  r e s u l t s  i n  a c h i e v i n g  d a y l i g h t  c o n d i t i o n s  a t  launch 
from K S C .  T h i s  i s  a r e s u l t  of  t h e  l u n a r  l i g h t i n g  c o n s t r a i n t  
t o g e t h e r  w i t h  r e s t r i c t i n g  l a n d i n g  s i t e s  to l i e  between + 45" 
l o n g i t u d e .  
l i g h t i n g  c o n s t r a i n t  t o g e t h e r  w i t h  t h e  l o n g i t u d e  of  t h e  l a n d i n g  
s i t e  e s t a b l i s h e s  t h e  approximate l i g h t i n g  c o n d i t i o n s  f o r  a l l  
phases of  t h e  miss ion .  

Another way o f  s t a t i n g  it i s  t h a t  the  luna r-  

T h i s  f i g u r e  shows launch t imes  f o r  each  of  t h e  m i s -  
s i o n  o p p o r t u n i t i e s  s t u d i e d .  The s o l i d  l i n e s  r e p r e s e n t  t h e  
v a r i a t i o n  i n  launch t i m e  th roughout  t h e  year u s i n g  a 90" 
l aunch  azimuth on ly .  The shaded area shows t h e  v a r i a t i o n  
which e x i s t s  when t h e  e n t i r e  azimuth range  from 7 2 O  to 108" 
i s  used .  

For l a n d i n g  s i t e s  i n  t h e  west, l aunches  g e n e r a l l y  
occur  l a t e r  i n  t h e  day  t h a n  f o r  s i t e s  i n  t h e  e a s t .  T h i s  
e f f e c t  i s  l e s s  pronounced d u r i n g  t h e  summer months. 
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Viewgraph 1 0  

Launch Veh ic le  Fuel  Costs 

The l aunch  v e h i c l e  i s  r e q u i r e d  to be capab le  of  

d e l i v e r i n g  a s p e c i f i e d  payload on a f r e e  r e t u r n  t r a j e c t o r y  

w i t h  i n j e c t i o n  o c c u r r i n g  on e i t h e r  o f  two consecu t ive  ea r th  

o r b i t s .  I n j e c t i o n  v e l o c i t y  requi rements  f o r  a p a r t i c u l a r  

mis s ion  which are below t h e  s p e c i f i e d  c a p a b i l i t y  may be 

t r a n s l a t e d  i n t o  e q u i v a l e n t  payload e x c e s s .  

d e p i c t s  t h e  launch v e h i c l e  payload excess  a v a i l a b l e  f o r  

t h e  set of  miss ions  employed i n  t h i s  s tudy .  These r e s u l t s  

i n c l u d e  t h e  p lane  change c o s t  i n c u r r e d  by u s i n g  a s p l i t  

l aunch window. T h i s  viewgraph i s  in t ended  to i l l u s t r a t e  t h e  

y e a r l y  behav io r  of launch v e h i c l e  r equ i remen t s  and should 

no t  be thought  of or p r e d i c t i n g  t h e  payload c a p a b i l i t y  f o r  

any p a r t i c u l a r  mis s ion  o p p o r t u n i t y .  

Viewgraph 1 0  
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Viewgraph 11 

Trans luna r  I n j e c t i o n  Locus 

T h i s  f i g u r e  shows t h e  approximate  l o c u s  o f  t r a n s l u n a r  

i n j e c t i o n  i n i t i a t i o n  p o i n t s  f o r  t h e  P a c i f i c  o p p o r t u n i t y .  

l oop ing  arrow d e l i n e a t e s  t h e  motion o f  t h e  T L I  i n i t i a t i o n  p o i n t  

t h rough  t h e  y e a r  f o r  a 90 degree  launch  azimuth w i t h  i n j e c t i o n  

o c c u r r i n g  on t h e  second ea r th  o r b i t  ( f i rs t  o p p o r t u n i t y ) .  The 

shaded r e g i o n  shows t h e  e n t i r e  a r e a  mapped o u t  b y  t h e  i n i t i a -  

t i o n  p o i n t s  when a 7 2  to 108 degree  launch  azimuth range  and 

b o t h  second and t h i r d  o r b i t  i n j e c t i o n  o p p o r t u n i t i e s  are employed. 

The 
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Viewgraph 1 2  

Free Return  Landing Po in t  Locus 

I n  d e s i g n i n g  a f r ee  r e t u r n  t r a j e c t o r y  a l l  t h a t  i s  
r e q u i r e d  of  t h e  t r a n s e a r t h  l e g  i s  t h a t  it p rov ide  a pos ig rade  
r e e n t r y  a t  a s p e c i f i e d  f l i g h t  p a t h  a n g l e .  Under these  condi-  
t i o n s  a wide v a r i a t i o n  i n  f r e e  r e t u r n  e a r t h  l a n d i n g  p o i n t  
l o c a t i o n  t a k e s  p l a c e  throughout  t h e  y e a r  as  w e l l  as from m i s -  
s i o n  to m i s s i o n .  

T h i s  f i g u r e  shows t h e  g e n e r a l  area where l a n d i n g  
w i l l  occur  on a month by month basis when no c o r r e c t i o n s  are 
made to t h e  nominal f r e e  r e t u r n  t r a j e c t o r y .  S ince  t r a n s e a r t h  
f l i g h t  t i m e  can not  be  independent ly  s p e c i f i e d  and still meet 
t h e  f ree  r e t u r n  c o n s t r a i n t ,  t h e  t i m e  o f  a r r i v a l  a t  t h e  E a r t h  
i s  u n c o n t r o l l e d .  T h i s  r e s u l t s  i n  w i d e  l a n d i n g  p o i n t  l o n g i t u d e  
v a r i a t i o n s  as t h e  E a r t h  r o t a t e s  under  t h e  r e t u r n  t r a j e c t o r y .  
L a t i t u d e  v a r i a t i o n s  r e s u l t  from t h e  f a c t  t h a t  l and ing  occur s  
i n  t h e  v i c i n i t y  of  t h e  n a d i r  o f  t h e  Moon's p o s i t i o n  a t  t h e  
t i m e  of p e r i l u n e  passage. 
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Viewgraph 13 

i c e  Module Fuel  Req  i r emen t s  

Th i s  viewgraph i l l u s t r a t e s  t h e  v a r i a t i o n  o f  S e r v i c e  
Module f u e l  c o s t s  t h rough  a y e a r l y  c y c l e .  The P a c i f i c  I n j e c-  
t i o n  window was employed th roughou t .  

To minimize S e r v i c e  Module f u e l  c o s t s  t h e  s o u t h e r l y  
s t r i n g  i s  employed f o r  t h e  f i r s t  h a l f  of t h e  y e a r  and t h e  
n o r t h e r l y  s t r i n g  d u r i n g  t h e  second h a l f .  T h i s  g raph  i n c l u d e s  
t h e  c o s t  o f  midcourse c o r r e c t i o n s  and LM r e s c u e  as provided  
by t h e  AV budget .  A two degree  maximum LM out- of- plane ang le  
was imposed i n  o b t a i n i n g  t h e s e  data .  

S i n c e  S e r v i c e  Module f u e l  i s  a s e n s i t i v e  f u n c t i o n  of  
l u n a r  l a n d i n g  s i t e  p o s i t i o n  and c e r t a i n  mis s ion  c o n s t r a i n t s ,  
t h e s e  r e s u l t s  should not  b e  assumed t o  have meaning o u t s i d e  of 
t h e  s p e c i f i c  c o n d i t i o n s  of  t h i s  s t u d y .  

a 
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Viewgraph 1 4  

Lunar Approach P a t h  V a r i a t i o n s  

The l o c u s  of  pa rk ing  o r b i t  ground t r a c k s  through 

t h e  year f o r  a p a r t i c u l a r  l a n d i n g  s i t e  d e f i n e s  t h e  area 

covered by a l l  p o s s i b l e  approach p a t h s  to t h a t  s i t e .  I n  

t h i s  a n a l y s i s  t h e  LM out- of- plane a n g l e  was c o n s t r a i n e d  to 

be 2 degrees  or l e s s  throughout  t h e  e n t i r e  cont ingency stay 

t i m e .  With t h i s  c o n s t r a i n t  and a de f ined  s u r f a c e  s t a y  t ime 

a range  of  p o s s i b l e  approach p a t h s  i s  s p e c i f i e d .  S e r v i c e  

module f u e l  can  be  opt imized  w i t h i n  t h i s  range  of  p o s s i b l e  

pa rk ing  o r b i t s .  T h i s  viewgraph i n d i c a t e s  approximate ly  t h e  

approach p a t h  or f l i g h t  azimuth range  f o r  t h e  optimum t r a j e c -  

t o r y  a t  each  of  t h e  s e l e c t e d  s i t e s  f o r  t h e  e n t i r e  year .  The 

magnitude of t h i s  range  as  i n d i c a t e d  b y  t h e  p i e  shaped s e c t o r s  

i s  approximate ly  - +5 degrees  from due eas t .  

x 
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Viewgraph 1 5  

L i g h t i n g  a t  Lunar Landing 

The l i g h t l n g  c o n s t r a i n t  f o r  l u n a r  l a n d i n g  i s  enforced  
to a s s u r e  adequate  v i s i b i l i t y  of  t h e  l a n d i n g  s i t e .  T h i s  f i g u r e  
shows t h e  sun e l e v a t i o n  a t  t h e  t i m e  of  l a n d i n g  f o r  each  o f  t h e  
miss ions  s t u d i e d .  The p r e s e n t  c o n s t r a i n t  i s  i n d i c a t e d  i n  t h e  
f i g u r e  by t h e  dashed l i n e s  a t  7 and 20 degrees. 

It w i l l  be noted  t h a t  i n  l a t e  November, t h e  c o n s t r a i n t  
i s  not  met a t  a l l  t h r e e  s i t e s  chosen when launch occurs  on 
t h e  da tes  i n d i c a t e d  i n  Viewgraph 7 .  The l i g h t i n g  c o n d i t i o n s  
which e x i s t  when each o f  t h e s e  l aunch  d a t e s  are  incremented by 
one day* a r e  shown by t h e  p o i n t s  connected by dashed l i n e s  a t  
t h e  t o p  of  t h e  f i g u r e .  Thus i t  i s  seen  t h a t  t h e  c o n s t r a i n t  
cannot be m e t  a t  t h e  t h r ee  s i t e s  chosen and s t i l l  m a i n t a i n  t h e  
p roper  spac ing  between l aunch  dates .  T h i s  d i f f i c u l t y  could be 
e l i m i n a t e d ,  i n  d e s i g n i n g  an  a c t u a l  sequence of  miss ions ,  by 
s e l e c t i n g  a s l i g h t l y  d i f f e r e n t  l o n g i t u d e  spac ing  between t h e  
l a n d i n g  s i t e s .  

"Incrementing t h e  first launch date r e q u i r e s  increment ing  
t h e  remaining two i n  o r d e r  to main ta in  a minimum 48 hour 
spac ing  between them. 
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Viewgraph 1 6  

Nominal Minimum Landing Po in t  Locus 

The nominal e a r th  l a n d i n g  p o i n t  i s  c o n s t r a i n e d  to 

l i e  w i t h i n  a boundary s p e c i f i e d  by two l a t i t u d e  l i m i t s  and two 

l o n g i t u d e  l i m i t s .  In  t h i s  ca se  t h e  l i m i t s  were - +35 degrees  

l a t i t u d e  and -170 to -150 degrees  l o n g i t u d e .  Landing a t  a 

more w e s t e r l y  l o n g i t u d e  g e n e r a l l y  produces lower  f u e l  c o s t s  

s i n c e  it a l lows  l o n g e r  r e t u r n  f l i g h t  t i m e s .  The motion of  t h e  

l a n d i n g  p o i n t  w i t h i n  t h e  l a t i t u d e  boundary f o l l o w s  t h e  motion 

of t h e  n a d i r  o f  t h e  moons p o s i t i o n  v e c t o r  a t  p e r i l u n e  passage .  
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Viewgraph 17 

L i g h t i n g  a t  E a r t h  Landing 

An examin i t ion  o f  t h e  earth-sun-moon geometry shows 

tha t  by s e t t i n g  t h e  l i g h t i n g  c o n s t r a i n t  a t  l u n a r  l a n d i n g ,  

t h e  l i g h t i n g  a t  e a r t h  l a n d i n g  w i l l  a l s o  be e s tab l i shed .  I n  

g e n e r a l  a l a n d i n g  i n  t h e  l u n a r  morning w i l l  r e s u l t  i n  a n  ea r th  

l a n d i n g  i n  t h e  morning. T h i s  viewgraph i l l u s t r a t e s  t h i s  and 

shows t h a t  as t h e  t e r m i n a t o r  p r o g r e s s e s  around t h e  moon 

(moving from east to west )  i t  a l s o  must p r o g r e s s  around t h e  

e a r t h  which l e a d s  to ear th  l a n d i n g s  o c c u r r i n g  l a t e r  i n  t h e  

day f o r  t h e  w e s t e r l y  l u n a r  l a n d i n g  s i t e s .  The l i n e s  marked 

" l a t e s t  s u n r i s e "  and " e a r l i e s t  s u n s e t "  were d e r i v e d  for ea r th  

l a n d i n g  s i t e s  at t h e  l a t i t u d e  extremes o f  t h e  l and ing  zone.  
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